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1
POWER TRANSMISSION BODY MOUNTING
STRUCTURE AND TONER
TRANSPORTATION DEVICE

This application is based on an application No. 2011-
216649 filed in Japan, the contents of which are hereby incor-
porated by reference.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention is related to a mounting structure for
mounting, onto an edge of the rotating shaft, a power trans-
mission body such as a gear or a pulley for transmitting power
to the rotating shaft, and to a toner transportation device that
includes such a mounting structure.

(2) Description of the Related Art

In some image forming apparatuses that form an image by
electrophotography, a toner image formed on the surface of a
photoconductor drum is transferred, for example, to an inter-
mediate transfer belt or a recording sheet, after which a clean-
ing device collects toner remaining on the surface of the
photoconductor drum.

Such a cleaning device is provided with a cleaning blade, a
housing, and a toner transport screw. The cleaning blade
scrapes remaining toner off of the surface of the photocon-
ductor drum and is provided in the housing. The housing
stores the toner scraped oft by the blade. The toner transport
screw transports the toner in the housing in a predetermined
direction. The toner that is transported by the toner transport
screw is ejected outside of the housing and collected.

The toner transport screw is composed of a rotating shaft
along which a spiral transport blade is provided. The transport
blade rotates integrally along with the rotating shaft. As a
result, toner is transported in a predetermined direction by the
transport blade.

One edge of the rotating shaft in the toner transport screw
passes through a through-hole provided in a side panel of the
housing so as to protrude outside of the housing. A gear with
anaxial hole is mounted on the protruding edge of the rotating
shaft. Having been mounted onto one edge of the rotating
shaft, the gear is rotatably supported within the through-hole
provided in the side panel of the housing so as to be able to
rotate integrally with the rotating shaft. Rotary force from a
motor or the like is transmitted to the gear, and rotation of the
gear causes the rotating shaft to rotate.

On the inside of the housing, a seal member is provided on
the rotating shaft to seal the through-hole. The seal member is
formed from an elastic material, such as a sponge, and is fit to
the rotating shaft. The seal member is pressed against the side
panel around the through-hole by a flange provided on the
rotating shaft.

Outside of the housing, the reaction force of the seal mem-
ber provided in this way causes the gear that is retained
against the rotating shaft to be pressed against by the side
panel of the housing. This may cause a large force to act on the
retaining portion of the rotating shaft that pushes the gear
against the side panel of the housing. It thus becomes neces-
sary to adopt a structure such that even if a large force acts on
the retaining portion of the rotating shaft, the retaining por-
tion will not easily stop retaining the gear.

In order to retain the gear mounted on the rotating shaft,
usage of an E-ring retaining ring is well known. Since an
E-ring is mounted in a groove formed at the edge of the
rotating shaft, however, it is necessary to form the groove
along the entire circumference of the rotating shaft at the edge
thereof. The toner transport screw is normally formed by

10

15

20

25

30

35

40

45

50

55

60

65

2

integrally forming the rotating shaft and the transport blade
from synthetic resin, the rotating shaft having a small diam-
eter of 3 mm to 5 mm. Forming a groove along the entire
circumference of the rotating shaft with this small diameter
drastically reduces the strength of the rotating shaft.

As aresult, if a large force in the axial direction, directed
away from the side panel, is applied to the E-ring from the
gear attached to the rotating shaft, the rotating shaft may
easily break, making it impossible to retain the gear against
the rotating shaft.

Apart from an E-ring, another known method for retaining
the gear is to use a snap-fit with a contractible outer diameter
at the tip thereof.

Patent Literature 1 (Japanese Patent Application Publica-
tion No. 2002-135522) discloses a snap-fit, formed from syn-
thetic resin, that rotatably supports a swinging gear while
retaining the swinging gear. The snap-fit disclosed Patent
Literature 1 has a conical tip. The tip has a larger outer
diameter than the outer diameter of the shaft supporting the
swinging gear. A hole is formed along the central axis of the
conical tip, and the outer diameter of the tip contracts upon
application of external pressure due to contraction of the hole.

When the outer diameter of the tip of the snap-fit contracts
due to external pressure, the snap-fit can pass through a gear
hole provided along the central axis of the swinging gear.
Upon release of the external pressure, the outer diameter of
the tip becomes larger than the gear hole, so that the tip
engages with the portion of the swinging gear around the gear
hole. As aresult, the gear is prevented from coming free from
the snap-fit.

In order to reliably prevent the swinging gear from coming
free from the snap-fit disclosed in Patent Literature 1, the
outer diameter of the tip of the snap-fit may be increased so
that the area of the tip that is engaged with the swinging gear
increases. In this case, however, in order for the tip of the
snap-fit to pass through the gear hole in the swinging gear, it
is necessary to increase the size of the diameter of the hole
provided along the central axis in order for the outer diameter
of' the tip of the snap-fit to contract greatly.

Increasing the diameter of the hole along the central axis,
however, reduces the strength of the entire tip, thus placing a
limit on the extent to which the outer diameter of the tip can
be caused to contract. The snap-fit disclosed in Patent Litera-
ture 1 thus does not allow for an increase in the area of the
region where the tip of the snap-fit and the gear engage.
Therefore, this snap-fit leads to the risk of not being able to
reliably retain a gear on which a large force acts in the axial
direction of the rotating shaft, as in the rotating shaft of the
toner transport screw in the above-described cleaning device.

SUMMARY OF THE INVENTION

A power transmission body mounting structure according
to the present invention is a power transmission body mount-
ing structure in which a power transmission body is mounted
onto an end portion of a rotating shaft, comprising: a hollow
shaft provided in the power transmission body and provided
with an axial hole, the axial hole including a first hole portion
with a non-circular cross-section and a second hole portion
located closer to a tip of the end portion of the rotating shaft
than the first hole portion is; a shaft portion, with a non-
circular cross-section, provided in the rotating shaft and
engaged with the first hole portion so as to rotate integrally
with the power transmission body; a flexible portion provided
between the shaft portion and the tip of the rotating shaft; and
a retaining portion provided at the tip of the rotating shaft,
having a cross-sectional shape allowing for passage through
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the axial hole, protruding beyond the shaft portion in a direc-
tion perpendicular to an axial direction, and engaged with an
area near an end of the axial hole, wherein when the power
transmission body is mounted onto the rotating shaft, the
shaft portion engages with the first hole portion after the
retaining portion completely passing through the first hole
portion, and while the retaining portion is passing through the
second hole portion, the flexible portion contacts with the
second hole portion and bends, and once the retaining portion
passes completely through the axial hole, the flexible portion
ceases to bend so that the retaining portion engages with the
area by the end of the axial hole.

A toner transport device according to the present invention
comprises: a housing that stores toner; a toner transport screw
including a rotating shaft and a transport blade, provided on
the rotating shaft, that transports toner within the housing; a
power transmission body that transmits power to the rotating
shaft; and the above power transmission body mounting
structure.

BRIEF DESCRIPTION OF THE DRAWINGS

These and the other objects, advantages and features of the
invention will become apparent from the following descrip-
tion thereof taken in conjunction with the accompanying
drawings which illustrate specific embodiments of the
present invention.

In the drawings:

FIG. 1 is a schematic diagram illustrating a tandem-type
color printer, which is an example of an image forming appa-
ratus provided with a toner transport screw that has a mount-
ing structure for mounting a power transmission body accord-
ing to an embodiment of the present invention;

FIG. 2 is a cross-section diagram of a cleaning device
provided in the tandem-type color printer of FIG. 1;

FIG. 3 is a cross-section diagram along the line A-A in FIG.
2;

FIG. 4 is a cross-section diagram schematically illustrating
the front portion of a toner transport screw in order to illus-
trate the structure of the front portion;

FIG. 5 is a lateral view illustrating the front portion of the
toner transport screw, with the toner transport screw removed
from the cleaning device and the gear removed;

FIG. 6 is a cross-section diagram along the line B-B in FIG.
5;
FIG. 7 is a cross-section diagram along the line C-C in FIG.
5;
FIG. 81s a cross-section diagram along the line D-D in FIG.
5;
FIG. 9 is a cross-section diagram along the line E-E in FIG.
5;

FIG. 10 is a cross-section diagram illustrating a hollow
shaft of the gear engaged with a shaft portion of a gear
mounting portion;

FIGS. 11A through 11D are cross-sectional diagrams illus-
trating steps for mounting the gear onto a rotating shaft of the
toner transport screw; and

FIG. 12 is a cross-section diagram along the line F-F in
FIG. 11A.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The following describes a tandem-type color printer,
which is an example of an image forming apparatus provided
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with a toner transport screw that has a mounting structure for
mounting a power transmission body according to an embodi-
ment of the present invention.

Structure of Image Forming Apparatus

FIG. 1 is a front schematic diagram of a tandem-type color
printer (hereinafter simply referred to as a “printer”), illus-
trating the structure of the printer. Upon receiving an instruc-
tion to execute a print job, the printer forms a full-color or a
monochrome image based on the instruction on a recording
sheet, such as paper or an OHP sheet, using well-known
electrophotography.

The printer is provided with an image forming unit A and,
below the image forming unit A, a sheet feeder B. The image
forming unit A forms a toner image on the recording sheet
from the toner colors yellow (Y), magenta (M), cyan (C), and
black (K). The sheet feeder B includes a paper cassette 51
storing recording sheets S that are fed to the image forming
unit A.

Nearly at the center of the printer, the image forming unit A
is provided with an intermediate transfer belt 41 that runs
horizontally. The intermediate transfer belt 41 is wound
around a pair of belt rollers 42 and 43. The intermediate
transfer belt 41 is caused to rotate in the direction indicated by
the arrow X by a motor not shown in the figures.

Below the intermediate transfer belt 41, process units 10,
10M, 10C, and 10K are provided respectively forthe colors Y,
M, C and K. The process units are each removable from the
apparatus provided with the image forming unit A. The pro-
cess units 10Y, 10M, 10C, and 10K are provided in this order
along the direction of rotation of the lower portion of the
intermediate transfer belt 41.

The process units 10Y, 10M, 10C, and 10K each form a
toner image of the respective toner color Y, M, C or K on the
intermediate transfer belt 41.

Other than using a different color toner, the process units
10Y, 10M, 10C, and 10K have the same structure. Accord-
ingly, the following explanation focuses on the process unit
10Y.

The process unit 10Y is provided with a photoconductor
drum 11 disposed rotatably facing the lower portion of the
intermediate transfer belt 41. A photosensitive layer is pro-
vided along the entire circumferential surface of the photo-
conductor drum 11 and rotates in the direction shown by the
arrow E.

The axis of the photoconductor drum 11 runs along the
direction of width of the intermediate transfer belt 41 (from
the front of the printer towards the back) and extends in a
straight line from the front edge of the printer to the back
edge.

Note that hereinafter, the front of the printer and the back of
the printer are also simply referred to as the front and the back.

A cleaning device 20 is provided to clean the surface of the
photoconductor drum 11 at a point downstream in the rota-
tional direction of the photoconductor drum 11 from the
upper side of the photoconductor drum 11 that faces the
intermediate transfer belt 41. Details on the structure of the
cleaning device 20 are described below.

Further downstream in the rotational direction of the pho-
toconductor drum 11 than the cleaning device 20, a charging
roller 12 is provided for uniformly charging the photosensi-
tive layer of the photoconductor drum 11 to a predetermined
charge potential. The charging roller 12 charges the photo-
sensitive layer of the photoconductor drum 11 by voltage
being applied. Note that the cleaning device 20 and the charg-
ing roller 12 constitute an integral structure.

Below all of the process units 10Y, 10M, 10C, and 10K, an
exposure device 17 is provided for forming an electrostatic
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latent image on the surface of the photoconductor drum 11 of
each of the process units 10Y, 10M, 10C, and 10K. The
exposure device 17 forms the electrostatic latent image by
radiating laser light onto the photosensitive layer of each
photoconductor drum 11. The exposure device 17 is mounted
into the image forming unit A.

By the exposure device 17 radiating laser light, the elec-
trostatic latent image is formed on the surface of the photo-
conductor drum 11, which has been charged by the charging
roller 12.

A developing device 18 is provided downstream in the
direction of rotation of the photoconductor drum 11 from the
location at which the surface of the photoconductor drum 11
is radiated by laser light. Using toner, the developing device
18 develops the electrostatic latent image formed on the sur-
face of the photoconductor drum 11.

At a point downstream in the direction of rotation of the
photoconductor drum 11 from the developing device 18
(above the photoconductor drum 11), a primary transfer roller
15 is provided facing the photoconductor drum 11, with the
intermediate transfer belt 41 sandwiched therebetween. The
primary transfer roller 15 transfers the toner image developed
on the photoconductor drum 11 by the developing device 18
to the outer circumferential surface of the intermediate trans-
fer belt 41 (the lower surface of the intermediate transfer belt
41). The primary transfer roller 15 is mounted into the image
forming unit A.

A primary transfer roller 15 is also provided above the
photoconductor drum 11 of each of the other process units
10M, 10C, and 10K, sandwiching the lower rotational region
of the intermediate transfer belt 41, in order to transfer the
images formed on the photoconductor drums 11 to the inter-
mediate transfer belt 41. Each primary transfer roller 15 is
mounted into the image forming unit A. The toner images
formed on the photoconductor drums 11 are all transferred to
the same region on the intermediate transfer belt 41 by the
primary transfer rollers 15.

The cleaning device 20, described below, cleans the toner
and the like remaining on the surface of the photoconductor
drum 11 after the toner image is transferred to the intermedi-
ate transfer belt 41.

After the toner images are transferred onto the intermediate
transfer belt 41, the intermediate transfer belt 41 transports
the toner images to the belt roller 42 provided near the process
unit 10K for the toner color K. A secondary transfer roller 54
is provided facing the belt roller 42 with the intermediate
transfer belt 41 therebetween. The secondary transfer roller
54 is in contact with the intermediate transfer belt 41 so as to
form a transfer nip at the location of contact for transferring
the toner images to a recording sheet.

A recording sheet S from the paper cassette 51 provided in
the sheet feeder B below is transported to the transfer nip by
a feed roller 52. The recording sheet S is transported by a pair
of timing rollers 53 in synchronization with the timing at
which the toner images formed on the intermediate transfer
belt 41 are transported to the transfer nip. When the toner
images formed on the intermediate transfer belt 41 are
pressed against the recording sheet S that passes through the
transfer nip, the toner images are transferred to the recording
sheet S due to an electrostatic force from an electrical field
formed by the secondary transfer roller 54.

Note that the toner that forms the toner images on the
intermediate transfer belt 41 is not entirely transferred to the
recording sheet by the electrical field of the secondary trans-
fer roller 54. Rather, a portion of the toner remains on the
intermediate transfer belt 41. Such residual toner on the inter-
mediate transfer belt 41 is transported to the belt roller 43
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provided near the process unit 10Y. A residual toner removal
device 57 is provided facing the belt roller 43 with the inter-
mediate transfer belt 41 therebetween. The residual toner
removal device 57 removes the residual toner on the interme-
diate transfer belt 41 both electrically and mechanically. The
toner that is removed is stored as waste toner in a waste toner
bottle 58.

After passing through the transfer nip, the recording sheet
S is transported to a fixing device 60 provided in the upper
part of the image forming unit A. The fixing device 60 is
provided with a heat roller 61 and a pressing roller 62. The
heat roller 61 and the pressing roller 62 are pressed against
each other, thus forming a fixing nip therebetween. A heat
lamp 63 is provided along the central axis of the heat roller 61
to heat the heat roller 61.

The toner images on the recording sheet S transported by
the fixing device 60 are fixed to the recording sheet S by heat
and pressure while the recording sheet S passes through the
fixing nip. After the toner images are fixed to the recording
sheet S in the fixing device 60, the recording sheet S is ejected
into a discharge tray 56, provided in the upper part of the
printer, with the side on which the toner images are formed
facing down.

Cleaning Device

FIG. 2 is a cross-section diagram of the cleaning device 20.
The cleaning device 20 includes a cleaning blade 22 and a
toner transport screw 23. The cleaning blade 22 scrapes
residual toner off the surface of the photoconductor drum 11.
The toner transport screw 23 transports toner scraped off by
the cleaning blade 22.

The cleaning blade 22 is a narrow plate extending along the
axial direction of the photoconductor drum 11. One edge of
the cleaning blade 22 in the direction of length thereof is
positioned higher than the other edge, and the cleaning blade
22 is in contact with the photoconductor drum 11 across the
length of the outer circumferential surface thereof. The clean-
ing blade 22 therefore slides against the surface of the rotating
photoconductor drum 11 to scrape off the residual toner on
the surface of the photoconductor drum 11.

The toner transport screw 23 is provided within the housing
21 at the opposite side of the cleaning blade 22 than the
photoconductor drum 11 and is provided along the axial
direction of the photoconductor drum 11. The toner transport
screw 23 is provided rotatably within the housing 21 and, by
rotating in a predetermined direction, transports the toner
scraped off by the cleaning blade 22 from the front of the
printer to the back along the axial direction of the photocon-
ductor drum 11.

FIG. 3 is a cross-section diagram of the line A-A in FIG. 2.
FIG. 41is across-section diagram schematically illustrating an
expanded view of the front portion of the toner transport
screw 23 in order to illustrate the structure of the front portion.

As illustrated in FIGS. 3 and 4, the toner transport screw 23
includes a rotating shaft 23A provided along the axial direc-
tion of the photoconductor drum 11 and a transport blade 23B
provided in the entire toner transport screw 23 except for the
front end of the rotating shaft 23A.

Except for the front end, where the transport blade 23B is
not provided, the rotating shaft 23A includes a shaft body
23a, a cross-section of which is a circle of a predetermined
diameter (approximately 3 mm). The transport blade 23B is
provided along the entire shaft body 23a, in the axial direction
thereof. The transport blade 23B spirals along the entire
length of the shaft body 23a at a predetermined pitch and with
a predetermined outer diameter.

The rotating shaft 23 A is provided with a flange 2356 by the
front of the shaft body 23a along which the transport blade
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23B is provided. The portion of the rotating shaft 23 A closer
to the front than the flange 235 is a gear mounting portion 23¢
in which a gear 24 for transmitting a rotary force to the
rotating shaft 23 A is mounted. The rotating shaft 23 A and the
transport blade 23B are formed integrally from synthetic
resin.

As illustrated in FIG. 4, the gear mounting portion 23¢ of
the toner transport screw 23 is attached to a side panel (sup-
port member) 21¢ at the front of the housing 21 and traverses
a through-hole 214 provided horizontally for supporting the
gear 24. The gear 24 mounted on the gear mounting portion
23cincludes a hollow shaft 24a engaged with the gear mount-
ing portion 23¢ and a gear portion 245 provided at the front
end of the hollow shaft 24a. The hollow shaft 244 and the gear
portion 245 are formed integrally from synthetic resin.

The hollow shaft 24a is attached rotatably to the gear
mounting portion 23¢, so as to be integral with the gear
mounting portion 23¢, and is then inserted from the outside of
the housing 21 into the through-hole 21d provided in the side
panel 21¢ of the housing 21. The hollow shaft 24a of the gear
24 is supported rotatably within the through-hole 214, and
therefore the side panel 21¢ in which the through-hole 214 is
provided acts as a bearing for the hollow shaft 244 in the gear
24.

The gear portion 245 is a cylinder with a larger major
diameter than the hollow shaft 24a. The gear portion 245 is
provided coaxially with the hollow shaft 24a at the outer
periphery of one end ofthe hollow shaft 24a. The hollow shaft
24a is provided with an axial hole 24k along the central axis.
The front edge face of the axial hole 24% is located within the
gear portion 245. Along the outer periphery of the gear por-
tion 245, a plurality of teeth 24¢ are provided in the circum-
ferential direction at a predetermined pitch. The gear portion
24b is positioned on the outside of the front side panel 21¢ of
the housing 21.

The front end of the gear mounting portion 23¢ in the toner
transport screw 23 is engaged with the periphery of the front
end of the axial hole 244 located in the gear portion 245. As a
result, the gear 24 is prevented from coming free from the
gear mounting portion 23¢ while being supported rotatably
within the through-hole 21d. In other words, in this position,
the gear 24 that rotates integrally with the gear mounting
portion 23c¢ is retained while being rotatable within the
through-hole 21d in the side panel 21c¢ of the housing 21.
Details on the structure of the gear 24 and the gear mounting
portion 23¢ are provided below.

Upon transmission of rotary force to the gear portion 245 of
the gear 24, rotation of the gear 24 is transmitted to the
rotating shaft 23 A via the gear mounting portion 23¢ of the
toner transport screw 23. The rotating shaft 23 A therefore
rotates, and the transport blade 23B rotates integrally with the
rotating shaft 23A. As a result, toner that is scraped off the
surface of the photoconductor drum 11 by the cleaning blade
22 is transported by the transport blade 23B within the hous-
ing 21 from the front to the back.

Note that as illustrated in FIG. 3, the gear portion 245 of the
gear 24 is covered by a cover 26 attached to the front side
panel 21c¢ of the housing 21. The cover 26 is provided at a
predetermined gap from the gear 24 so that if the gear 24 that
is supported within the through-hole 214 in the side panel 21¢
of the housing 21 (see FIG. 4) is disengaged from the gear
mounting portion 23c¢, the gear 24 will not come completely
free from the through-hole 214.

Accordingly, even if the gear 24 becomes disengaged from
the gear mounting portion 23c¢, the range over which the gear
24 can be displaced towards the front within the through-hole
21d in the side panel of the housing 21 is restricted by the
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cover 26, so that the gear 24 will not come completely free
from the through-hole 214 and the hollow shaft 24a of the
gear 24 will continue to be supported rotatably within the
through-hole 214d. Note that in this case, a rotary force can be
transmitted to the gear 24. Accordingly, even in this state, the
gear 24 can rotate due to the transmission of rotary force.

As illustrated in FIG. 3, a cylindrical toner discharge por-
tion 21a is provided at the back of the housing 21, horizon-
tally projecting towards the back. An edge face 215 at the
back of the toner discharge portion 21a (downstream in the
toner transport direction) is closed off.

The toner discharge portion 21a stores the rotating shaft
23A and the transport blade 23B at the back end of the toner
transport screw 23. With the toner transport screw 23
mounted onto the front side panel 21¢ of the housing 21, an
appropriate gap is provided between the back end of the
rotating shaft 23A and the edge face 2154 at the back of the
toner discharge portion 21a.

A toner discharge port 21e is provided at the bottom of the
back of the toner discharge portion 214, along the circumfer-
ence thereof, to allow toner transported into the toner dis-
charge portion 21a to discharge downwards. The edges of the
rotating shaft 23 A and the transport blade 23B stored in the
toner discharge portion 21a are opposite one other in the toner
discharge port 21e.

Below the toner discharge port 21e, a toner receptacle (not
shown in the figures) is provided to store toner discharge
through the toner discharge port 21e. The back end of the
transport blade 23B within the toner transport screw 23 is
stored in the toner discharge portion 21a and faces the toner
discharge port 21e. Toner that is transported by the transport
blade 23B is discharged downwards by passing through the
toner discharge port 21e to be collected in the toner recep-
tacle.

The gear mounting portion 23¢ at the front end of the
rotating shaft 23A within the toner transport screw 23 is
mounted onto the side panel 21¢, and in this state, a predeter-
mined gap is provided between the back end of the rotating
shaft 23A and the edge face 215 at the back of the toner
discharge portion 21a. Therefore, if the gear mounting por-
tion 23¢ and the gear 24 become disengaged, the rotating
shaft 23A can move along the axial direction in a range
corresponding to the gap between the rotating shaft 23A and
the edge face 215 of the toner discharge portion 21a.

FIG. 5 is a lateral view illustrating the gear mounting
portion 23¢ in the rotating shaft 23 A within the toner transport
screw 23, and an area surrounding the gear mounting portion
23c¢. InFIG. 5, the toner transport screw 23 has been removed
from the cleaning device 20, and the gear 24 has been
removed. FIGS. 6, 7, 8, and 9 are cross-section diagrams
respectively along lines B-B, C-C, D-D, and E-E in FIG. 5.

As illustrated in FIG. 5, the flange 235 is shaped as a disc
having a larger diameter than the shaft body 234 and is coaxial
with the shaft body 23a.

As also illustrated in FIG. 5, the gear mounting portion 23c,
which is provided further towards the front of the rotating
shaft 23 A than the flange 235, is provided with a base portion
23d adjacent to the front of the flange 235, a shaft portion 23e
adjacent to the front of the base portion 234, a flexible portion
23f'adjacent to the front of the shaft portion 23¢, and a retain-
ing portion 23g provided at the front tip of the flexible portion
231

As illustrated in FIG. 4, the base portion 234 and the shaft
portion 23e of the gear mounting portion 23¢ are located
within the through-hole 214 provided in the side panel 21¢ of
the housing 21. Furthermore, the section of the flexible por-
tion 23f near the shaft portion 23e is located inside the
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through-hole 21d, whereas the retaining portion 23g that is
continuous with the flexible portion 23fextends outside of the
through-hole 214.

The shaft portion 23e of the gear mounting portion 23c¢ is
approximately 10 mm long in the axial direction. The base
portion 234 is slightly shorter in the axial direction than the
shaft portion 23e. The length in the axial direction from the
shaft portion 23e to the tip of the retaining portion 23g is
approximately 12 mm, which is slightly longer than the
length of the shaft portion 23e in the axial direction.

As illustrated in FIG. 4, the base portion 234 of the gear
mounting portion 23¢ is engaged with a ring-shaped seal
member 25 between the flange 2356 and the front side panel
21c ofthe housing 21. The seal member 25 is formed from an
elastic material, such as a sponge, and has a larger outer
diameter than the inner diameter of the through-hole 214
provided in the side panel 21¢ of the housing 21. The seal
member 25 is pressed against the outer circumferential sur-
face of the base portion 23d.

The seal member 25 is compressed between the flange 235
and the front side panel 21¢ of the housing 21, so as to be
pressed against the area of the side plate 21¢ surrounding the
through-hole 214 in the housing 21. As a result, the seal
member 25 seals the edge face of the through-hole 214 so that
toner inside the housing 21 will not leak outside through the
through-hole 214.

As described above, with the hollow shaft 244 being sup-
ported by the through-hole 214, the gear 24 is prevented by
the retaining portion 23g from coming free from the gear
mounting portion 23c.

With the gear 24 being retained by the retaining portion
23g, the flange 235 compresses the seal member 25 engaged
with the base portion 234 of the gear mounting portion 23¢ by
pushing the seal member 25 from within the housing 21
against the side panel 21¢. Accordingly, the reaction force of
the compressed seal member 25 acts on both the flange 235
and the retaining portion 23g of the rotating shaft 23A so as to
push the flange 236 and the retaining portion 23g apart from
each other.

As aresult of the action of this force, the retaining portion
23g engaged with the gear 24 pushes the gear portion 245
against the side panel 21¢ from within the housing 21. The
retaining portion 23g therefore continues to be engaged with
the hollow shaft 244 of the gear 24, thus preventing the hollow
shaft 24a of the gear 24 from coming free from the through-
hole 214.

As illustrated in FIG. 6, the base portion 234 provided in
the gear mounting portion 23c¢ of the rotating shaft 23A is a
shaft provided coaxially with the central axis Op of the rotat-
ing shaft 23 A (the central rotational axis). A cross-section of
the base portion 234 shows a cylinder with a diameter slightly
larger than the shaft body 23a (4 mm) notched by a pair of flat
base portion side faces 23m and a flat base portion bottom
face 23%. The base portion side faces 23m extend in parallel in
the axial direction on either side of the central rotational axis
Op. The base portion bottom face 23k extends in the axial
direction in a state perpendicular to the base portion side faces
23m.

The base portion side faces 23m are each separated from
the central rotational axis Op of the base portion 234 by an
equal distance. The base portion bottom face 23 is separated
from the central rotational axis Op by approximately the same
distance as the distance between the central rotational axis Op
and the base portion side faces 23m. Accordingly, between the
base portion bottom face 23%4and each of the base portion side
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faces 23m, an outer circumferential surface is provided with
the central rotational axis Op at the center and having a
constant radius.

At the opposite side of the central rotational axis Op from
the base portion bottom face 23 %, a base portion outer circum-
ferential surface 23p is provided with the central rotational
axis Op at the center and having a constant radius (2 mm). The
base portion outer circumferential surface 23p is formed
between the base portion side faces 23m and is located oppo-
site the base portion bottom face 23k with the central rota-
tional axis Op therebetween.

As illustrated in FIG. 7, the shaft portion 23e provided
adjacent to the front of the base portion 23d is a shaft provided
coaxially with the central rotational axis Op of the base por-
tion 23d. At a position nearer the central rotational axis Op
than the base portion bottom face 23%, the base portion 23d is
notched by a first flat face 23s parallel to the base portion
bottom face 23% so that the shaft portion 23e has a D-shaped
cross-section.

Accordingly, the shaft portion 23e is also provided with
first side faces 237 on either side of the central rotational axis
Op that are positioned along the same face as the base portion
side faces 23m provided in the base portion 23d. The first side
faces 23r form right angles with the first flat face 23s and are
shorter than the base portion side faces 23m in a direction of
width orthogonal to the axial direction.

At the opposite side of the central rotational axis Op from
the first flat face 23s, a first outer circumferential surface 235
is continuous with the base portion outer circumferential
surface 23p and is located opposite the first flat face 235 with
the central rotational axis Op therebetween. The distance
from the central rotational axis Op to the first flat face 23s is
shorter than the radius of the outer circumferential surface
23p.

As illustrated in FIG. 8, at a position on the opposite side of
the central rotational axis Op than the first flat face 23s, the
shaft portion 23e is notched by a second flat face 23w parallel
to the first flat face 23s so that the flexible portion 23fadjacent
to the front of the shaft portion 23e has a D-shaped cross
section (having a smaller cross-sectional area than the shaft
portion 23e).

The flexible portion 23/is also provided with second side
faces 237 on either side of the central rotational axis Op that
are positioned along the same face as the first side faces 23»
provided in the shaft portion 23e. The second side faces 237
are shorter than the first side faces 237 in a direction orthogo-
nal to the axial direction (in the direction of width).

The section within the flexible portion 23f opposite the
second flat face 23w is a second outer circumferential surface
234 continuous with the first outer circumferential surface 235
of the shaft portion 23e. The second outer circumferential
surface 23¢ is provided between the second side faces 23~
located on either side. Flat faces 23v are provided between
either end, in the direction of width, of the second flat face
23w and each of the second side faces 23r. The flat faces 23v
are formed by chamfering.

Due to the second flat face 23w being closer to the second
outer circumferential surface 23¢ than the central rotational
axis Op is, the thickness of the flexible portion 23f in a
direction perpendicular to the second flat face 23w is less,
along the entire length of the flexible portion 23f; than the
thickness of the shaft portion 23e in the same direction. Fur-
thermore, the cross-sectional area of the flexible portion 23f1s
smaller than the cross-sectional area of the shaft portion 23e.
As aresult, the cross-sectional second moment of area of the
flexible portion 23f'is smaller than that of the shaft portion
23e.
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Note that as illustrated in FIG. 5, a guide face 23¢ is pro-
vided between the second flat face 23w of the flexible portion
23f and the first flat face 23s of the shaft portion 23e. The
guide face 237 is inclined so that the distance, in the radial
direction, from the second outer circumferential surface 23¢
increases as the guide face 23¢ approaches the first flat face
235 in the axial direction. The guide face 23¢ is continuous
with both the second flat face 23w and the first flat face 23s.

As illustrated in FIG. 9, the retaining portion 23g provided
atthe front tip of the flexible portion 23f7is a shaft whose shape
nearly matches a cross-sectional of the shaft portion 23e. The
retaining portion 23g, however, is shifted with respect to the
shaft portion 23e in the radial direction towards the second
outer circumferential surface 234 of the flexible portion 23f.
As aresult, the central axis Og of the retaining portion 23g is
eccentric with respect to the central rotational axis Op, being
displaced in the radial direction towards the second outer
circumferential surface 23¢ of the flexible portion 237

The retaining portion 23g includes a third flat face 23x
corresponding to the first flat face 235 of the shaft portion 23e,
a third outer circumferential surface 23y corresponding to the
first outer circumferential surface 23; of the shaft portion 23e,
and third side faces 23u corresponding respectively to the first
side faces 237 of the shaft portion 23e. The third flat face 23x
is positioned along the same plane as the second flat face 23w
of the flexible portion 23/

Note that, as illustrated in FIG. 4, the front end (tip) of the
third outer circumferential surface 23y of the retaining por-
tion 23g includes a tip guide face 23z that is inclined to
approach the central rotational axis Op closer to the front of
the retaining portion 23g.

As illustrated in FIG. 4, the hollow shaft 24a of the gear 24
includes a connecting portion 24e and a tubular portion 24f. In
the connecting portion 24e, a first hole portion 24x is pro-
vided, with which the shaft portion 23e of the gear mounting
portion 23¢ engages. In the tubular portion 24f; a second hole
portion 24y is provided to house the flexible portion 23/
extending from the front of the shaft portion 23e. The tubular
portion 24f7is provided adjacent to the front of the connecting
portion 24e. Together, the first hole portion 24x and the sec-
ond hole portion 24y form the axial hole 24k of the hollow
shaft 24a.

FIG. 10 is a cross-section diagram illustrating the hollow
shaft 24a of the gear 24 engaged with the shaft portion 23e of
the gear mounting portion 23c. As illustrated in FIG. 10, a
cross-section of the first hole portion 24x in the connecting
portion 24e of the hollow shaft 24a of the gear 24 is a non-
circular D-shape. Accordingly, the first hole portion 24x of the
connecting portion 24e is surrounded by an inner circumfer-
ential surface 24p, facing and having the same curvature as
the outer circumferential surface 23; of the shaft portion 23e,
and a flat opposing face 24s parallel to the first flat face 235 of
the shaft portion 23e and located opposite the inner circum-
ferential surface 24p with the central axis therebetween.

The second hole portion 24y of the tubular portion 24f
adjacent to the front of the hollow shaft 24a has an inner
circumferential surface that, along the entire circumference
thereof, has a radius equivalent to the radius of the inner
circumferential surface 24p of the connecting portion 24e.
Accordingly, the second hole portion 24y of the tubular por-
tion 24f expands further outwards than the opposing face 24s
in the first hole portion 24x of the connecting portion 24e.

As illustrated in FIG. 4, the outer diameter of the hollow
shaft 24qa in the gear 24 is approximately equal to the inner
diameter of the through-hole 21d, except for at the tip of the
hollow shaft 24a opposite the gear portion 245b. At the tip
opposite the gear portion 245, the outer diameter of the hol-
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low shaft 24a is slightly smaller than the inner diameter of the
through-hole 21d. Except for at the tip opposite the gear
portion 24b, the hollow shaft 24« in the gear 24 is engaged
with the through-hole 214 provided in the side panel 21¢ of
the housing 21 so as to be slidable along the inner circumfer-
ential surface of the through-hole 214 in the axial direction
and in the circumferential direction.

Therefore, the outer circumferential surface of the hollow
shaft 24a in the gear 24 is slidably supported within the
through-hole 21d. The portion of the hollow shaft 244 that is
slidably supported within the through-hole 214 overlaps, in a
direction orthogonal to the axial direction, the portion of the
opposing face 24s in the first hole portion 24x of the hollow
shaft 24a that opposes the first flat face 235 of the shaft portion
23e engaged within the hollow shaft 24a.

With this structure, along the hollow shaft 24a of the gear
24 that rotates in the through-hole 214, power is transmitted
from the connecting portion 24e of the gear 24 to the shaft
portion 23e at the portion of the hollow shaft 244 that is stably
supported within the through-hole 21d. Therefore, even if the
shaft portion 23e of the rotating shaft 23 A vibrates, vibration
of the connecting portion 24e of the gear 24 within the
through-hole 214 is controlled, so that rotation of the gear 24
is stably transmitted to the rotating shaft 23A.

Since the second moment of area of the shaft portion 23e
that is engaged with the connecting portion 24e of the gear 24
is larger than that of the flexible portion 23/, the shaft portion
23e is more rigid than the flexible portion 23f. As a result,
when a force is applied to the shaft portion 23e in the radial
direction from the connecting portion 24e, the shaft portion
23e is prevented from bending. By contrast, the second
moment of area of the flexible portion 23fis smaller than that
of'the shaft portion 23e, and the flexible portion 23f7is longer
in the axial direction than the shaft portion 23e. Therefore,
only the flexible portion 23/ bends, without the rigid shaft
portion 23e¢ bending.

The length, in the axial direction, of the connecting portion
24¢ within the hollow shaft 244 slidably engaged with the
through-hole 21d is greater than the range of displacement, in
the axial direction, of the gear 24 as regulated by the cover 26
attached to the side panel 21¢ of the housing 21. Furthermore,
the length in the axial direction of the portion of the opposing
face 24sin the hollow shaft 24a (see FIG. 10) that opposes the
first flat face 23s of the shaft portion 23e engaged within the
hollow shaft 24a is greater than the range of displacement, in
the axial direction, of the gear 24 as regulated by the cover 26
attached to the side panel 21¢ of the housing 21.

As a result, even if the gear portion 245 of the gear 24
moves in a direction away from the side panel 21c¢ of the
housing 21, the connecting portion 24e of the hollow shaft
24a continues to be engaged with the shaft portion 23e of the
gear mounting portion 23c¢. Accordingly, the opposition
between the opposing face 24s of the hollow shaft 244 and the
first flat face 23s of the shaft portion 23e engaged within the
hollow shaft 244 is maintained, and rotation of the gear 24 is
transmitted to the rotating shaft 23A.

The length, in the axial direction, of the connecting portion
24¢ inthe hollow shaft 24a is greater than the gap between the
back end of the toner transport screw 23 and the edge face 215
at the back of the toner discharge portion 21a. Accordingly,
even if the gear 24 supported by the side panel 21¢ of the
housing 21 becomes disengaged from the retaining portion
23g ofthe gear mounting portion 23¢ in the rotating shaft 23A
of the toner transport screw 23, the rotating shaft 23A can
only move towards the back within a range equal to the gap
between the back end of the toner transport screw 23 and the
edge face 215 at the back of the toner discharge portion 21a.
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As a result, even if the gear 24 becomes disengaged from
the retaining portion 23g, as long as the gear portion 245 of
the gear 24 is supported within the through-hole 214 in the
side panel 21c¢ of the housing 21, the connecting portion 24e
of the hollow shaft 24a and the shaft portion 23e of the gear
mounting portion 23¢ will not become disengaged. There-
fore, the opposition between the opposing face 24s of the
hollow shaft 24a and the first flat face 23s of the shaft portion
23e engaged within the hollow shaft 24a is maintained, and
rotation of the gear 24 is transmitted to the rotating shaft 23 A.

Steps for mounting the gear 24 onto the gear mounting
portion 23c¢ in the rotating shaft 23A of the toner transport
screw 23 in the cleaning device 20 with the above structure
are now described with reference to FIGS. 11A through 11D.

First, the seal member 25 is engaged with the base portion
23d of the gear mounting portion 23¢ in the rotating shaft 23A
of the toner transport screw 23. The seal member 25 is dis-
posed so as to be in contact with the flange 234.

Atthis point, the retaining portion 23g at the tip of the gear
mounting portion 23¢, provided at the front of the toner trans-
port screw 23, is inserted within the through-hole 214 in the
front side plate 21¢ of the housing 21, as shown in FIG. 11A.
The retaining portion 23g passes through the through-hole
21d to protrude out of the side panel 21¢ of the housing 21.

The seal member 25 is thus sandwiched between the side
panel 21c¢ of the housing 21 and the flange 234.

Next, the tip of the first hole portion 24x, which is located
at the back of the connecting portion 24e in the hollow shaft
24a of the gear 24 (the opposite end from the gear portion
24b), is engaged with the retaining portion 23g in the gear
mounting portion 23c.

The retaining portion 23g has the same cross-sectional
shape as the first hole portion 24x of the connecting portion
24¢ in the hollow shaft 24a. However, since the tip guide face
23z, which is inclined to approach the central rotational axis
Op, is provided at the front tip of the third outer circumfer-
ential surface 23y of the retaining portion 23g, the tip guide
face 23z guides the retaining portion 23g smoothly into the
first hole portion 24x of the connecting portion 24e.

FIG. 12 is a cross-section diagram along the line F-F in
FIG. 11A. As illustrated in FI1G. 12, the first hole portion 24x
of the connecting portion 24e in the hollow shaft 24a of the
gear 24 has nearly the same cross-sectional D-shape as the
cross-section of the retaining portion 23g. The retaining por-
tion 23g is coaxial with the first hole portion 24x of the
connecting portion 24e.

Atthis point, as illustrated in FIG. 11B, the back end of the
hollow shaft 24a of the gear 24, whose outer circumferential
surface has a smaller radius, is inserted into the through-hole
21d provided in the side panel 21¢ of the housing 21. As a
result, the retaining portion 23g is displaced from the first
hole portion 24x of the connecting portion 24e to the second
hole portion 24y of the tubular portion 24/

The guide face 237 of the gear mounting portion 23¢ (pro-
vided between the second flat face 23w of the flexible portion
23f and the first flat face 23s of the shaft portion 23¢) then
comes into contact with the back edge of the opposing face
245 provided in the connecting portion 24e of the hollow shaft
24a.

Next, as the hollow shaft 24a of the gear 24 is further
inserted into the through-hole 21d, the portion of the hollow
shaft 24a whose outer circumferential surface has a larger
radius, and which is continuous with the portion having a
smaller radius, is inserted into the through-hole 21d. As a
result, the hollow shaft 24a and the through-hole 214 become
coaxial. Atthis point, the retaining portion 23g provided at the
front end of the gear mounting portion 23¢ is in contact with
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the upper portion of the inner circumferential surface along
the second hole portion 24y of the tubular portion 24/

Subsequently, upon displacing the hollow shaft 244 of the
gear 24 towards the back within the through-hole 21d pro-
vided in the side panel 21c¢ of the housing 21, the guide face
23t is guided into the first hole portion 24x of the connecting
portion 24e. The shaft portion 23e thus gradually enters into
the first hole portion 24x, which has a D-shaped cross-section,
of the connecting portion 24e.

At this point, since the second side faces 23~ and the first
side faces 23 are formed in the same plane on either side of
the central rotational axis Op respectively in the flexible por-
tion 23fand the shaft portion 23e, the shaft portion 23e can be
engaged within the first hole portion 24x of the connecting
portion 24e by displacement in the radial direction along the
guide face 23¢. Accordingly, the shaft portion 23e, which has
anon-circular cross-section, can be engaged smoothly within
the first hole portion 24x of the connecting portion 24e, which
also has a non-circular cross-section.

Note that if the flexible portion 23f'and the shaft portion
23e are not provided respectively with the second side faces
23r nor with the first side faces 23#, but rather have approxi-
mately the same D-shaped cross-section as the first hole por-
tion 24x of the connecting portion 24e, then the shaft portion
23e cannot be engaged within the first hole portion 24x while
being displaced in the radial direction, thus making it impos-
sible to engage the shaft portion 23e with the first hole portion
24x of the connecting portion 24e unless the two portions are
in a coaxial state. It would thus be impossible to achieve a
structure that engages the shaft portion 23e within the first
hole portion 24x of the connecting portion 24e while guiding
the shaft portion 23e in the radial direction along the guide
face 23t

With the above steps, once the central axis of the shaft
portion 23e of the gear mounting portion 23¢ becomes
coaxial with the central axis of the hollow shaft 24a, the shaft
portion 23e also becomes coaxial with the through-hole 214,
which is coaxial with the hollow shaft 24a. Accordingly, the
retaining portion 23g, which was eccentric with respect to the
shaft portion 23e of the gear mounting portion 23¢, is pressed
firmly against the inner circumferential surface of the tubular
portion 24fin the hollow shaft 24a. As a result, since the tip of
the flexible portion 23f is forced downwards, the flexible
portion 23/ bends, becoming convex.

In this state, upon displacing the hollow shaft 24a further
back within the through-hole 214, the first hole portion 24x of
the connecting portion 24e does not rotate with respect to the
first hole portion 24x, since the shaft portion 23e, whose
cross-sectional shape is non-circular, is coaxially engaged
with the first hole portion 24x of the connecting portion 24e,
whose cross-sectional shape is also non-circular. The hollow
shaft 24a thus progresses smoothly in the axial direction
within the first hole portion 24x. In this case, the retaining
portion 23g remains pressed against the inner circumferential
surface of the second hole portion 24y in the tubular portion
24f.

As the retaining portion 23g is displaced towards the front,
the length of the flexible portion 23fthat has entered into the
second hole portion 24y of the tubular portion 24f gradually
increases. As a result, the force acting on the retaining portion
23g from the inner circumferential surface of the second hole
portion 24y gradually increases, and the amount of bending of
the flexible portion 23/, which is a cantilever supported by the
shaft portion 23e, gradually increases. Note that the flexible
portion 23f remains bent while the retaining portion 23g
passes through the second hole portion 24y.
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Subsequently, by passing through the second hole portion
24y, the retaining portion 23g of the gear mounting portion
23c¢ passes through the axial hole 24k in the gear portion 245
of the gear 24 and extends beyond the edge of the axial hole
24k. As aresult, the third outer circumferential surface 23y is
no longer pushed against by the inner circumferential surface
of the second hole portion 24y in the tubular portion 24, and
the flexible portion 23f'stops bending. As shown in FIG. 11D,
the retaining portion 23g therefore becomes engaged with the
edge of the axial hole 24% in the gear 24.

With the retaining portion 23g engaged with the gear 24,
the gear portion 245 of the gear 24 is pressed against the front
side plate 21¢ of the housing 21, and the flange 235 provided
on the rotating shaft 23 A is pulled towards the side plate 21¢
of the housing 21. As a result, the seal member 25 is com-
pressed between the flange 236 and the side place 21¢ of the
housing 21. The seal member 25 thus seals the end face,
within the housing 21, of the through-hole 214 provided in the
side panel 21c.

Furthermore, the hollow shaft 24a of the gear 24, with
which the retaining portion 23g is engaged, is inserted within
the through-hole 214 provided in the side plate 21¢ and is
rotatably supported by the through-hole 21d. In this case,
since the first hole portion 24x, which has a D-shaped cross-
section, of the connecting portion 24e is engaged in alignment
with the shaft portion 23e, which has an approximately
D-shaped cross-section, of the gear mounting portion 23¢, the
hollow shaft 24a of the gear 24 and the shaft portion 23e can
rotate integrally.

As a result, when rotation is transmitted to the gear portion
245 of the gear 24 so that the gear portion 245 rotates, the
hollow shaft 24a of the gear 24, which is rotatably supported
by the side panel 21¢ of the housing 21, rotates integrally. This
causes the shaft portion 23e in the rotating shaft 23A of the
toner transport screw 23, which is connected integrally with
the hollow shaft 244, to also rotate integrally, so that the entire
rotating shaft 23A rotates.

In this way, when the rotating shaft 23 A of the toner trans-
port screw 23 rotates, the transport blade 23B of the toner
transport screw 23 rotates integrally with the rotating shaft
23A. As a result, toner within the housing 21 is transported
from the front to the back, is discharged downwards by pass-
ing through the toner discharge port 21e provided in the toner
discharge portion 214, and is collected in the toner receptacle
provided below the toner discharge port 21e.

In the present embodiment, a cross-section of the retaining
portion 23g is the same as a cross-section of the shaft portion
23e, except that the cross-section of the retaining portion 23g
is shifted outwards in the radial direction with respect to the
cross-section of the shaft portion 23e. Accordingly, the third
outer circumferential surface 23y of the retaining portion 23g
has the same radius as the maximum radius of the first outer
circumferential surface 23; in the shaft portion 23e.

With such a cross-section, even if the retaining portion 23g
is eccentric with respect to the shaft portion 23e, the retaining
portion 23g can, by being connected to the flexible portion
23f, pass through the second hole portion 24y of the tubular
portion 24f'in the hollow shaft 244 in a bent state when the
shaft portion 23e is inserted into the first hole portion 24x in
the connecting portion 24e of the hollow shaft 24a.

Accordingly, even if the retaining portion 23g is greatly
shifted with respect to the shaft portion 23e, the retaining
portion 23g passes through the tubular portion 24f due to
bending of the flexible portion 23f. Subsequently, upon the
flexible portion 23fceasing to bend, the retaining portion 23g
engages with the gear 24. In this case, the third outer circum-
ferential surface 23y of the retaining portion 23g, which is
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displaced with respect to the shaft portion 23e, protrudes
outwards from the shaft portion 23e to a great degree due to
having the same maximum radius as the first outer circum-
ferential surface 23; of the shaft portion 23e. As a result, the
retaining portion 23g has a large surface of engagement with
the gear 24, thus assuring reliable engagement between the
retaining portion 23g and the gear 24. This eliminates the risk
of the retaining portion 23g and the gear 24 easily becoming
disengaged.

Since the retaining portion 23g is formed as a shaft having
a similar cross-sectional shape to the shaft portion 23e, the
retaining portion 23g has similar rigidity and strength as the
shaft portion 23e. As a result, even if a large force is applied
from the gear 24 to the retaining portion 23g, there is no risk
of'the retaining portion 23g breaking. Accordingly, the retain-
ing portion 23g can reliably prevent the gear 24 from coming
free from the rotating shaft 23A and the through-hole 214
provided in the side panel 21¢ of the housing 21.

As described above, the retaining portion 23g of the
present embodiment reliably prevents the gear 24 from com-
ing free form the rotating shaft 23 A and the through-hole 214d.
During transfer of power by the gear 24, however, if the
retaining portion 23g and the gear 24 should happen to
become disengaged, the gear 24 can move in a direction away
from the through-hole 214.

Inthis case, there is no risk of the gear 24 coming free from
the through-hole 214 due to the cover 26 attached to the side
plate 21¢ of the housing 21. The gear 24 thus remains rotat-
ably supported within the through-hole 21d. Moreover, since
the connecting portion 24e of the hollow shaft 244 in the gear
24 remains engaged with the shaft portion 23e, rotation trans-
mitted to the gear portion 245 of the gear 24 is transmitted
from the connecting portion 24e of the hollow shaft 244 to the
shaft portion 23e of the gear mounting portion 23¢. The
rotating shaft 23A can therefore be rotated.

If the retaining portion 23g and the gear 24 become disen-
gaged, the rotating shaft 23 A can move towards the back. In
this case, even if the rotating shaft 23A moves towards the
back, the connecting portion 24e of the hollow shaft 24a
remains engaged with the shaft portion 23e of the gear mount-
ing portion 23¢. Therefore, rotation transmitted to the gear
portion 245 of the gear 24 is transmitted to the rotating shaft
23A via the gear mounting portion 23c.

As described above, even if the retaining portion 23g and
the gear 24 should happen to become disengaged, then as long
as rotation is transmitted to the gear 24, the gear 24 continues
to be supported within the through-hole 214, and rotation of
the gear 24 continues to be transmitted to the rotating shaft
23A. Accordingly, within the housing 21, the toner transport
screw 23 continues to transport toner.

Modifications

In the present embodiment, the first hole portion 24x of the
connecting portion 24e in the hollow shaft 244 of the gear 24
has a D-shaped cross-section surrounded by the inner circum-
ferential surface 24p and the opposing face 24s. Furthermore,
the shaft portion 23e of the gear mounting portion 23¢ also
includes the outer circumferential surface 23/ and the first flat
face 23s. These portions are not, however, limited to the above
structures, as long as the cross-sectional shapes allow for
transmission of rotary force between the hollow shaft 244 of
the gear 24 and the shaft portion 23e of the gear mounting
portion 23¢c. Therefore, the cross-sectional shape of the inte-
rior space of the first hole portion 24x of the connecting
portion 24e in the hollow shaft 24a and of the shaft portion
23e may be another shape such as an ellipse.
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In the above embodiment, the mounting structure is for
mounting a gear onto a rotating shaft. The present invention
may also be adopted with a different power transmission body
such as a pulley.

Furthermore, the mounting structure of the present inven-
tion for mounting a power transmission body is not limited to
a toner transportation device in a cleaning device, but may
also be used in a toner transportation device provided in an
image forming apparatus. The mounting structure of the
present invention for mounting a power transmission body is
not limited to a toner transportation device used in an image
forming apparatus either, however, and may be adopted in a
different rotating mechanism.

SUMMARY OF EMBODIMENTS

In the power transmission body mounting structure of the
present invention, since only one flexible portion is provided
between the retaining portion and the shaft portion, the flex-
ible portion can be bent to a great degree while the retaining
portion provided at the tip of the flexible portion passes
through the hole in the power transmission body. As a result,
after passing through the hole in the power transmission body,
the retaining portion protrudes outside to a great degree with
respect to the shaft portion, thus allowing for a great increase
in the area over which the retaining portion and the power
transmission body are engaged. Accordingly, the retaining
portion reliably prevents the power transmission body from
coming free from the rotating shaft.

Preferably, in the power transmission body mounting
structure, a guide face is provided between the flexible por-
tion and the shaft portion to guide the shaft portion into the
first hole portion.

Preferably, in the power transmission body mounting
structure, the first hole portion of the axial hole is surrounded
by an inner circumferential surface having a central axis
coaxial with the rotating shaft and by a flat opposing face on
an opposite side of the central axis than the inner circumfer-
ential surface, and the shaft portion includes a first outer
circumferential surface facing the inner circumferential sur-
face and a first flat face facing the opposing face.

Preferably, in the power transmission body mounting
structure, the retaining portion has a cross-sectional shape
matching a cross-sectional shape of the shaft portion.

Preferably, in the power transmission body mounting
structure, the flexible portion includes a second flat face,
parallel to the first flat face ata location between the first outer
circumferential surface and the first flat face of the shaft
portion, and a second outer circumferential surface continu-
ous with the first outer circumferential surface, and the guide
face is inclined between the second flat face of the flexible
portion and the first flat face of the shaft portion so as to
gradually become more distant in a radial direction from the
second outer circumferential surface as the guide face
approaches the first flat face from the second flat face in the
axial direction.

Preferably, in the power transmission body mounting
structure, along opposite sides of the central axis of the rotat-
ing shaft, the shaft portion is provided with first side faces
continuous with the first outer circumferential surface and the
first flat face, and the flexible portion is provided with second
side faces respectively positioned along a same face as the
first side faces.

Preferably, in the power transmission body mounting
structure, the retaining portion includes a third flat face posi-
tioned along a same face as the second flat face in the flexible
portion, and a distance from the shaft portion to a tip of the
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retaining portion in the axial direction is greater than a length
of the shaft portion in the axial direction.

Preferably, in the power transmission body mounting
structure, at an opposite end from the flexible portion, the
retaining portion is provided with a tip guide face inclined so
that as with increasing distance from the flexible portion in
the axial direction, the tip guide face approaches the third flat
face in a radial direction.

Preferably, in the power transmission body mounting
structure, the second hole portion in the axial hole expands to
a greater degree in a radial direction than does the first hole
portion.

Preferably, in the power transmission body mounting
structure, the second hole portion of the axial hole is provided
with an inner circumferential surface having a same diameter
as an inner circumferential surface of the first hole portion.

Preferably, in the power transmission body mounting
structure, the rotating shaft is provided with a flange at an
opposite side of the shaft portion than the flexible portion, the
flange restricting movement of the rotating shaft along the
axial direction with respect to the axial hole.

Preferably, in the toner transport device, a portion of the
rotating shaft is located within a through-hole, provided in the
housing, for supporting the power transmission body, and the
rotating shaft is provided with a flange at an opposite side of
the through-hole than the retaining portion, the flange restrict-
ing movement of the rotating shaft along the axial direction
with respect to the through-hole.

Preferably, in the toner transport device, a seal member is
provided at a position between the flange and the housing, in
engagement with the rotating shaft, to seal the through-hole.

Preferably, in the toner transport device, the shaft portion
and a portion of the power transmission body that is supported
within the through-hole overlap in a direction orthogonal to
the axial direction.

Preferably, in the toner transport device, the power trans-
mission body has a predetermined range of movement when
moving in the axial direction with respect to the through-hole
of'the housing upon becoming disengaged from the retaining
portion, and a length in the axial direction of a region of
engagement between the shaft portion and the first hole por-
tion is greater than a length of the range of movement of the
power transmission body.

Preferably, in the toner transport device, the rotating shaft
has a predetermined range of movement when moving in the
axial direction with respect to the through-hole of the housing
upon the retaining portion becoming disengaged from the
power transmission body, and a length in the axial direction of
aregion of engagement between the shaft portion and the first
hole portion is greater than a length of the range of movement
of the rotating shaft.

The present invention is useful, in a mounting structure for
mounting a power transmission body onto a rotating shaft, as
a technique for preventing the power transmission body from
coming free from the rotating shaft.

Although the present invention has been fully described by
way of examples with reference to the accompanying draw-
ings, it is to be noted that various changes and modifications
will be apparent to those skilled in the art. Therefore, unless
such changes and modifications depart from the scope of the
present invention, they should be constructed as being
included therein.

What is claimed is:

1. A power transmission body mounting structure in which
apower transmission body is mounted onto an end portion of
arotating shaft, the power transmission body mounting struc-
ture comprising:
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a hollow shaft and a power transmission portion provided
in the power transmission body, the power transmission
portion disposed at a front end of the hollow shaft, the
hollow shaft having an axial hole including a first hole
portion with a non-circular cross-section and a second
hole portion located closer to a tip of the end portion of
the rotating shaft than the first hole portion is, the second
hole portion having a different cross-sectional shape
than the first hole portion, the different cross-sectional
shape of the second hole portion extending from the
power transmission portion toward a rear end of the
hollow shaft to a point between the power transmission
portion and the rear end, the first hole portion extending
from the point to the rear end of the hollow shaf;

a shaft portion, with a non-circular cross-section, provided
in the rotating shaft and engaged with the first hole
portion so as to rotate integrally with the power trans-
mission body;

a flexible portion provided between the shaft portion and
the tip of the end portion of the rotating shaft; and

a retaining portion provided at the tip of the rotating shaft,
having a cross-sectional shape allowing for passage
through the axial hole, protruding beyond the shaft por-
tion in a direction perpendicular to an axial direction,
and engaged with an area near an end of the axial hole,
wherein

when the power transmission body is mounted onto the end
portion of the rotating shaft, the shaft portion engages
with the first hole portion after the retaining portion
completely passes through the first hole portion, and

while the retaining portion is passing through the second
hole portion, the flexible portion contacts with the sec-
ond hole portion and bends, and once the retaining por-
tion passes completely through the axial hole, the flex-
ible portion ceases to bend so that the retaining portion
engages with the area near the end of the axial hole.

2. The power transmission body mounting structure of
claim 1, wherein a guide face is provided between the flexible
portion and the shaft portion to guide the shaft portion into the
first hole portion when the shaft portion enters into the first
hole portion.

3. The power transmission body mounting structure of
claim 2, wherein

the first hole portion of the axial hole is surrounded by an
inner circumferential surface having a central axis
coaxial with the rotating shaft and by a flat opposing face
on an opposite side of the central axis than the inner
circumferential surface, and

the shaft portion includes a first outer circumferential sur-
face facing the inner circumferential surface and a first
flat face facing the opposing face.

4. The power transmission body mounting structure of
claim 3, wherein the retaining portion has a cross-sectional
shape matching a cross-sectional shape of the shaft portion.

5. The power transmission body mounting structure of
claim 4, wherein

the flexible portion includes a second flat face, parallel to
the first flat face at a location between the first outer
circumferential surface and the first flat face of the shaft
portion, and a second outer circumferential surface con-
tinuous with the first outer circumferential surface, and

the guide face is inclined between the second flat face of the
flexible portion and the first flat face of the shaft portion
so as to gradually become more distant in a radial direc-
tion from the second outer circumferential surface as the
guide face approaches the first flat face from the second
flat face in the axial direction.
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6. The power transmission body mounting structure of
claim 5, wherein

along opposite sides of the central axis of the rotating shaft,
the shaft portion is provided with first side faces con-
tinuous with the first outer circumferential surface and
the first flat face, and

the flexible portion is provided with second side faces
respectively positioned along a same face as the first side
faces.

7. The power transmission body mounting structure of

claim 5, wherein

the retaining portion includes a third flat face positioned
along a same face as the second flat face in the flexible
portion, and

a distance from an end of the shaft portion that is closest to
a tip of the retaining portion to the tip of the retaining
portion in the axial direction is greater than a length of
the shaft portion in the axial direction.

8. The power transmission body mounting structure of
claim 7, wherein at an opposite end from the flexible portion,
the retaining portion is provided with a tip guide face inclined
so that as with increasing distance from the flexible portion in
the axial direction, the tip guide face approaches the third flat
face in a radial direction.

9. The power transmission body mounting structure of
claim 1, wherein the second hole portion in the axial hole
expands outwards to a greater degree in a radial direction than
does the first hole portion.

10. The power transmission body mounting structure of
claim 9, wherein the second hole portion of the axial hole is
provided with an inner circumferential surface having a same
diameter throughout as an inner circumferential surface of the
first hole portion.

11. The power transmission body mounting structure of
claim 1, wherein the rotating shaft is provided with a flange at
an end of the shaft portion opposite the flexible portion, the
flange restricting movement of the rotating shaft along the
axial direction with respect to the axial hole.

12. A toner transport device comprising:

a housing that stores toner; a toner transport screw includ-
ing the rotating shaft of claim 1 and a transport blade,
provided on the rotating shaft, that transports toner
within the housing;

the power transmission body that transmits power to the
rotating shaft; and

the power transmission body mounting structure of claim
1.

13. The toner transport device of claim 12, wherein

the shaft portion of the rotating shaft is located within a
through-hole, which is provided in the housing for sup-
porting the power transmission body, and

the rotating shaft is provided with a flange at an end of the
through-hole opposite the retaining portion, the flange
restricting movement of the rotating shaft along the axial
direction with respect to the through-hole.

14. The toner transport device of claim 13, wherein a seal
member is provided at a position between the flange and the
housing, in engagement with the rotating shaft, to seal the
through-hole.

15. The toner transport device of claim 13, wherein the
shaft portion and a portion of the power transmission body
that is supported within the through-hole overlap in a direc-
tion orthogonal to the axial direction.

16. The toner transport device of claim 15, wherein

the power transmission body has a predetermined range of
movement when moving in the axial direction with
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respect to the through-hole of the housing upon becom-
ing disengaged from the retaining portion, and

a length in the axial direction of a region of engagement

between the shaft portion and the first hole portion is
greater than a length of the range of movement of the
power transmission body.

17. The toner transport device of claim 15, wherein

the rotating shaft has a predetermined range of movement

when moving in the axial direction with respect to the
through-hole of the housing upon the retaining portion
becoming disengaged from the power transmission
body, and

a length in the axial direction of a region of engagement

between the shaft portion and the first hole portion is
greater than a length of the range of movement of the
rotating shaft.

18. The power transmission body mounting structure of
claim 1, wherein the first hole portion has a D-shaped cross-
sectional shape and the second hole portion has a circular
cross-sectional shape.

19. The power transmission body mounting structure of
claim 1, wherein the second hole portion has a larger dimen-
sion than that of the first hole portion in a direction that is
perpendicular to the axial direction and extends from a posi-
tion where the retaining portion is in contact with the second
hole portion through a central rotational axis of the hollow
shaft.

20. The power transmission body mounting structure of
claim 1, wherein the power transmission portion is a gear
portion.
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